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ABSTRACT 
 
Objective: Orotracheal intubation is a mainstay of prehospital airway 
management and is a critical life-saving skill of paramedics. The impact of a new 
generation of supraglottic airway on orotracheal intubation success rate is 
unknown. This is an issue of public health importance because if orotracheal 
intubation success has decreased, this places the public at risk of adverse 
events. A lower success rate would require additional health care resources 
directed to improving the training or skills maintenance of paramedics. This 
would necessitate a multidisciplinary approach spanning the domains of health 
policy, risk communication, intervention planning and evaluation and biostatistics. 
I aim to determine whether orotracheal intubation success rates have changed 
since the introduction of a new generation of supraglottic airway, the King LTD, in 
an EMS system.  
Methods: This was a retrospective before and after observational study of 36 
EMS services in a 10-county region. Cases between Jan. 1, 2005 and Dec. 31, 
2012 were included if there was an advanced airway procedure performed. The 
proportion of cases with first pass success was compared before and after the 
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King LTD was introduced in 2007. A secondary outcome was the proportion of 
cases ultimately managed with orotracheal intubation.  
Results: The proportion of cases with first pass success did not change before 
and after 2007. The proportion of cases ultimately managed with orotracheal 
intubation decreased significantly.  
Conclusion:  Fewer patients ultimately received orotracheal intubation after the 
introduction of the King LTD, although orotracheal intubation success rates did 
not change. Supraglottic airways may primarily provide an alternative to further 
orotracheal intubation attempts in the prehospital setting. Continuing public 
health surveillance of the changing landscape of prehospital airway management 
will be important as new airway devices are introduced.   
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1.0 BACKGROUND 
 
Orotracheal intubation is the primary method to definitively secure a 
compromised airway and is a key component of advanced life support care 
provided by paramedics in the United States.1-6 However, paramedics 
infrequently perform this procedure and may have limited training and skill 
retention.2,5,7-15 As a result, intubation success rates by paramedics are low in 
many EMS systems, especially in non-cardiac arrest settings.6,8,16-26 Due to long 
procedure times and low success rates, orotracheal intubation by paramedics 
has been associated with adverse patient outcomes in both non-cardiac 
arrest17,24,27 and cardiac-arrest situations.28,29  
Supraglottic airway devices provide an alternative method of airway 
management, and have increasingly been used across EMS systems in the past 
decade.30,31 The King LTD (King Systems, Noblesville, IN) is part of a new 
generation of supraglottic airway devices that have gradually replaced previous 
versions, such as the Combitube (Covidien, Mansfield, MA), due to its single 
lumen and improved ease of use.32-34 As with other supraglottic airway devices, 
the King LTD may have advantages over endotracheal intubation, including rapid 
and successful placement by providers with limited training, 31-33,35-44 especially in 
comparison with orotracheal intubation.31,41,42,45-47 36,37 Considering these 
potential advantages, supraglottic airway devices have been used both as rescue 
airway devices and as  primary airway devices.31,43  
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In the years prior to 2007, EMS protocols recommended orotracheal 
intubation and supraglottic airways as management options for advanced airway 
interventions. Historically, orotracheal intubation was the preferred method of 
airway control, with supraglottic airways being used in rescue situations after 
failed attempts at orotracheal intubation. When a new supraglottic device, the 
King LTD, was introduced into the Southwestern Pennsylvania EMS services in 
2007, there were a number of reasons to believe that it might be preferentially be 
used compared to orotracheal intubation. Minimal initial training and continuing 
education is required for successful placement of the device and it can be placed 
quicker than an endotracheal tube. Orotracheal intubation is a difficult skill, 
requiring frequent performance to be proficient.  
The impact of this new generation of supraglottic airway devices on the 
performance of out-of-hospital orotracheal intubation is unknown. We aimed to 
determine whether out-of-hospital orotracheal intubation success rates have 
changed since the introduction of the King LTD in a regional EMS system that 
previously only used the Combitube as a rescue device. We hypothesized that 
out-of-hospital orotracheal intubation success rates have decreased since the 
introduction of the King LTD airway because King LTD airways would replace 
attempts at orotrahceal intubation.  
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                             2.0                METHODS 
 
                             2.1           STUDY SETTING 
 
This study evaluated data from 36 urban, suburban and rural ground EMS 
agencies in the ten county Southwestern Pennsylvania Emergency Medical 
Services (EMS) region. These services received medical direction from one 
academic medical center. Before 2007, paramedics in these EMS agencies 
followed agency-specific protocols based on region-wide guidelines.  These 
guidelines specified use of advanced airways in medical and traumatic cardiac 
arrests, and directed the use of supraglottic airway devices primarily as rescue 
devices, after unsuccessful orotracheal or nasotracheal intubation. These were 
replaced in 2007 with statewide protocols, which similarly allowed for advanced 
airways to be used in medical and traumatic cardiac arrests, including use of 
orotracheal intubation, nasotracheal intubation or supraglottic devices. Statewide 
protocols required the use of a supraglottic rescue device, surgical airway or bag-
valve-mask ventilation after two failed endotracheal intubation attempts. Video 
laryngoscopy was optional in the latter study period.   
 
                                  2.2             STUDY DESIGN  
 
This was a retrospective before and after observational study of advanced 
airway management procedures. We reviewed the prehospital medical records 
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from these agencies, which use a common electronic patient care reporting 
program (emsCharts, Pittsburgh, PA). This study had Institutional Review Board 
approval.  
We reviewed medical records between 2005 and 2012, which included 
two years before and 5 years after the introduction of the King LTD into this 
regional EMS system.  Prior to 2007, these EMS agencies primarily used the 
Combitube, which was solely utilized as a rescue airway device in the case of a 
failed endotracheal intubation. All cases involving an advanced airway procedure 
were identified using custom reporting software in emsCharts and included in the 
cohort. Advanced airway was defined as orotracheal intubation, King LTD, 
Combitube, surgical airway, nasotracheal intubation and video laryngoscopy. 
Video laryngoscopy was categorized separately from orotracheal intubation.   
Included were all cases meeting the inclusion criteria between January 1, 2005 
and December 31, 2006 and between January 1, 2008 and December 31, 2012. 
Patient complaint or provider impression was not specified and therefore the 
population includes patient records of all types, including cardiac arrest and non-
cardiac arrest, medical and trauma records. Pediatric patients (<18 years of age) 
were not included.   
The primary outcome was first pass success rate of orotracheal intubation 
and the secondary outcome was the type of final advanced airway device. First 
pass success was defined as a successful single endotracheal intubation attempt 
when performed as the first advanced airway securing method, as recorded by 
the paramedic. Final advanced airway device was defined as the final successful 
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advanced airway device used that was present until patient disposition, as 
recorded by the paramedic. Additional data collected included the number and 
type of all advanced airway devices placed per year. For data analysis, we 
included the largest time period possible (2005-2012) in our study to make it a 
comprehensive evaluation of airway management. 
 
                                 
                                         2.3        DATA ANALYSIS 
 
Data were analyzed using Stata 13.1 (StataCorp LP, College Station, TX). 
Figures and tables were prepared using Excel 14.3.9 (Microsoft Corporation, 
Redmond, WA). The proportion of cases with first pass orotracheal intubation 
success and the proportion of cases with a final airway of orotracheal intubation 
were compared before and after 2007 using Pearson’s chi-square analysis. The 
level of significance was set to 5%. Cases from 2007 were excluded as a run-in 
period accounting for King LTD introduction into the EMS system.   
  
 
                                    3.0               RESULTS 
 
Of the 4100 cases that met inclusion criteria, 555 were from 2007 and 
were excluded (Figure 1). Of the remaining 3545 cases, 3,299 (93%) had an 
intubation attempt and 698 (19.7%) had a supraglottic device attempt. The 
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proportion of advanced airway attempts that were orotracheal intubation 
decreased from 91% in 2005 to 77% in 2012 (Figure 2).The proportion of airway 
attempts that were supraglottic airways increased from 4.2% in 2005 to 15.8% in 
2012. The proportion of airway attempts that were via nasotracheal intubation 
was 5.4% in 2005 and 0.8% in 2012. There was no appreciable use of surgical 
airway or of video laryngoscopy. Video laryngoscopy attempts were 0% for all 
years until 2012 when it was 6.8%.  
Orotracheal intubation first pass success rate was 59.4% before 2007 and 
59.9% after 2007 (p=0.823) (Table 1). First pass success rate was 57% in 2005, 
58.3% in 2006, 57.8% in 2008, 60.3% in 2009, 55.5% in 2010, 58.5% in 2011, 
and 59.3% in 2012 (Figure 3). The first pass success rate of supraglottic airways 
was 87.3% in 2008, 83% in 2009, 85.3% in 2010, 83.2% in 2011 and 80% in 
2012 (Figure 4).  
The proportion of cases with orotracheal intubation as the final advanced 
airway was 73.5% before 2007 and 68.25% after 2007 (p=0.006). The proportion 
of cases with a supraglottic airway as the final advanced airway was 7.14% 
before 2007 and 18.05% after 2007 (p<0.01). The proportion of cases with any 
other final airway was 19.3% before 2007 and 13.7% after 2007 (p<0.01,Table 2, 
Figure 5). When a supraglottic airway was used, it was used as a primary airway 
in 33.5% of cases and as a rescue device in 66.5% of cases (Table 3).  
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                                     4.0         DISCUSSION 
 
 Prehospital airway management is dynamic, with the introduction of new 
devices, airway protocols and training emphases. In this study, new supraglottic 
devices were not associated with changes in first-pass orotracheal intubation 
success but were associated with fewer airways ultimately being managed by 
orotracheal intubation. At the same time, the proportion of airways that were 
managed with supraglottic airways increased, indicating increased use of these 
devices since the newest generation of supraglottic airways have been 
introduced.   
Orotracheal intubation first pass success rate did not change before 
versus after 2007. The success rates found in these periods (59.4% and 59.9%) 
are consistent with other studies, which have shown first pass success rates 
between 57% and 70%.1,6,21 There was a significant decrease in the proportion of 
cases in which the final advanced airway was orotracheal intubation. In the same 
period, the use of all other advanced airways, except supraglottic airways, as the 
final airway also decreased.  
We found that the proportion of airway attempts that were supraglottic has 
steadily increased over the past 7 years. During the same period, there has been 
a decreasing proportion of airway attempts that were orotracheal intubation. 
Considering that first pass orotracheal intubation success rates did not change in 
either study period, the decrease in attempts is unlikely to have been a result of 
improved first past success. Improved orotracheal intubation success, had it 
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occurred, would have led to decreased attempts because if orotracheal 
intubation is successful on first pass, then additional attempts are not needed to 
secure the airway. Because the decrease in attempts is unlikely to result from 
first-pass success improvement, then the decrease in attempts is likely to have 
been related to other factors, one of which may be the King LTD. After the 
introduction of the King LTD, the proportion of airways managed with supraglottic 
airways increased, while those with orotracheal intubation decreased.  
Airway attempts with the King LTD seem to have been replacing attempts 
with orotracheal intubation. This is consistent with other findings in this study 
showing that supraglottic devices primarily were used as rescue airways and that 
fewer final airways were orotracheal intubations.  
 Interestingly, video laryngoscopy, which had not been used in our system 
from 2005 to 2011, represented 7% of airway attempts in 2012. Its effect on 
orotracheal intubation success rates and supraglottic airway use will require 
further study because video laryngoscopy may lead to improved orotracheal 
intubation success. On the other hand, it may make orotracheal intubation more 
complex, leading to an additional skill retention burden.   
 
 
                              4.1           LIMITATIONS 
 
Although containing many services encompassing in a large geographic area 
with varied settings (urban, suburban and rural) this study occurred in only one 
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medical direction system. This may limit the generalizability of the findings. This 
study used did not account for individual provider success or performance rate, 
limiting the generalizability of the findings only to EMS systems rather than to 
individual providers. We were unable to obtain the data for individual providers 
due to lack of feasibility and ability to obtain consent from each EMS provider, 
dating back to 2005. Additionally, the study does not include adjusted analysis, 
such as multivariate logistic regression, because factors that would be used for 
adjustment could not be obtained. These factors include provider age, 
experience, number of airway attempts per provider per year. Patient physiologic 
data and medical history was inconsistently recorded, as is typical in prehospital 
records. This would limit the use of such data in an adjusted analysis.  
 As this was an observational study, there may have been other factors not 
observed, recorded or identified that affected airway management by the EMS 
providers and, therefore, the results. Beyond this being a limitation resulting from 
the information available in the prehospital records, this is an inherent limitation 
in observational studies.  
This was a retrospective of medical records, introducing information bias 
due to how paramedics enter data into emsCharts. Data that is potentially biased 
included success of airway procedures and number of attempts on each 
individual patient as there multiple ways to enter this data into emsCharts which 
can lead to error in entering this data or in interpreting this data. Additionally, 
over the course of the study, there were increasing numbers of services using 
emsCharts. While we believe that the practice patterns of the services were 
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similar, as they were exposed to similar training programs and used the same 
protocols, this may not have been the case. This may have led to information 
bias. This study included only electronic medical records as a convenience 
sample, leading to possible selection bias, although this adds to the 
generalizability of the study.  
 
 
                                   5.0            CONCLUSION  
 
Fewer patients ultimately received orotracheal intubation after the 
introduction of the King LTD. We found no change in first-pass success rate of 
prehospital orotracheal intubation before versus after the introduction of the King 
LTD in this system. The King LTD may primarily provide an alternative to further 
orotracheal intubation attempts in the prehospital setting.  Continuing public 
health surveillance of the changing landscape of prehospital airway management 
will be important as new airway devices are introduced.     
 10 
 
APPENDIX: TABLES AND FIGURES 
 
 
 
 
 
Table 1: Orotracheal Intubation First Pass Success Rates, % 
Before 2007 59.4 
After 2007 59.9   
                                                               p=0.823 
 
  
Table 2: Final Advanced Airway, % 
 Orotracheal Intubation Supraglottic Airway Other 
Before 2007 73.5* 7.1 19.3 
After 2007 68.2* 18.1 13.7 
                                    *p=0.006 
 
Table 3: Supraglottic Utilization, % 
Attempt as a primary airway 33.5 
Attempt as a rescue airway 66.5 
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Figure 1: Records Included 
 
 
 
 
 
 
Figure 2: Percentage Airway Device Was Used in all Attempts by Year 
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Figure 3: Orotracheal Intubation First Pass Success Rate by Year 
 
 
 
 
 
Figure 4: Supraglottic Airway First Pass Success Rate by Year, After 2007 
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Figure 5: Final Airway 
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